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(57) Abstract: A wind turbine 
rotor blade (10) comprising one 
or more means (4) secured to the 
blade (10) for changing the profile 
thereof depending on the atmospheric 
temperature. The means comprises 
at least one laminate having at least 
two layers of materials with differing 
thermal expansion coefficients. 
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Title: A wind turbine rotor blade comprising one or more means secured to the blade 
for changing the profile thereof depending on the atmospheric temperature . 

Technical Field 

The invention relates to a wind turbine rotor blade comprising one or more means 
5 secured to the blade for changing the profile thereof depending on the atmospheric 
temperature. 

Background Art 

Stall-controlled and active stall-controlled wind turbines are designed to operate at a 
substantially fixed speed of rotation, ie the blade rotates at the same speed irrespective 

10 of the wind speed. At high wind speeds, the power output has to be limited so as not 
to overload the generator. Pitch control, active stall control or (passive) stall control 
may be used for this purpose. At pitch control and active stall control the blades are 
mounted such on the hub that they are able to turn around their longitudinal axis. The 
rotor blades may thus be continuously adjusted to provide the lift rendering the desired 

15 power. At (passive) stall control the blades are fixedly secured to the hub and are thus 
not able to turn around their longitudinal axis. The stall properties of the blade is used 
for limit ing the aerodynamic lift and thus the power output Stall control renders a 
simple and reliable adjustment of the turbine, but is encumbered by the drawback that 
the lift varies according to the air density. The density of air depends on the air 

20 pressure and the air temperature. Usually the air temperature is the decisive factor of 
these two parameters. At high temperatures and thus low air density, a stall-controlled 
wind turbine typically does not reach the prescribed maximum power output. 
Conversely, during winter, where the temperature is low, the wind turbine may 
overproduce power, whereby the gear box or the generator may be also overloaded. 

25 Optionally a built-in security system ensures that the turbine is stopped due to 
overproduction. 
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WO 94/04820 discloses a wind turbine with stall-controlled rotor blades, and where a 
temperature sensor is functionally connected to an actuator for adjusting the properties 
of the blade such that the blade at a given wind speed is adapted to render a higher 
output at an increasing temperature and a reduced output at a decreasing temperature, 
5 thus at any temperature compensating for the natural tendency of the blade to produce 
a higher output at colder temperature. According to the WO publication this is obtained 
by means of a temperature-sensitive element mounted at the leading edge of the blade 
for adjusting the shape thereof at temperature changes. Figs. 2 and 3 of the WO 
publication show the element and the shape of the leading edge are shown at a high and 
10 a low temperature, respectively. It is not disclosed how the temperature-sensitive 
element operates. One drawback of the blade according to the WO publication is that 
the element may cause sudden stall over the entire profile and thus cause a drastic 
reduction of the maximum power output 

US 3,373,930 discloses a fan, where the fan blades are formed of laminates of different 
15 material layers such that the curvature of the blades varies according to the air 
temperature. 

Brief Description of the Invention 

The object of the invention is to provide a new and improved means for adjusting the 
profile of a wind turbine blade depending on the air temperature. 

20 According to the invention the means is characterised in that it comprises at least one 
laminate having at least two layers of materials with differing thermal expansion 
coefficients. As a result it is possible to change the profile of the rotor blade and thus 
increase or reduce the maximum lift power depending on the air temperature, the 
means bending more or less depending on the temperature. The wind turbine may thus 

25 produce close to its maximum power output (the rated power) even at high air 
temperatures. 
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According to a preferred embodiment the laminate comprises a first and a second layer 
of a composite material. A means of such materials is advantageous in that it is not 
electrically conducting and thus does not attract lightning. 

5 Tests have shown that fibreglass-reinforced epoxy has positive thermal expansion 
coefficients both in the fibre orientation and across the fibre orientation, while carbon 
fibre-reinforced or aramid fibre-reinforced epoxy has negative thermal expansion 
coefficients in the fibre orientation and positive thermal expansion coefficients across 
the fibre orientation. 

10 It applies to all three composite materials that the largest thermal expansion coefficient 
is across the fibre orientation. 

According to a particularly preferred embodiment the first layer is made of 
fibreglass-reinforced epoxy, in which the fibres extend in the transverse direction of 
the means and thus of the blade, and the second layer is made of aramid 
15 fibre-reinforced epoxy, in which the fibres extend in the longitudinal direction of the 
means and of the blade. By using such a means a large curvature change per 
temperature unit is obtained. 

According to the invention the laminate may optionally be made of a bimetal, eg 
bonded and rolled metal alloys containing for instance nickel, iron, magnesium and 
20 chrome. The electric conductivity of such a flap may be used for conducting lightning 
down or for conducting current to an electric de-icing system. Modern very large wind 
turbines must be provided with light in the blade tips. The electric conductivity of the 
bimetal flap may also be used for this purpose. 



25 



According to a preferred embodiment of the invention the means may be a flap 
mounted adjacent the trailing edge of the rotor blade. It is easy to alter the profile by 
means of such a laminated flap. 
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According to the invention the flap may extend between 5% and 70% of the total 
length of the blade. The width of the flap may be between 1% and 70%, preferably 5% 
of the chord of the blade. The flap is thus adaptable to the individual wind turbine and 
the actual temperature variations. 

5 According to the invention the flap may comprise several laminates feeing opposite of 
each other and joined in pairs along the leading and trailing edges of the flap. A larger 
change in the profile/flap per temperature unit is obtained thereby. 

According to a preferred embodiment the flap may be mounted on the aerodynamic 
10 pressure side of the blade. 

Instead of using one long means, it may be advantageous to provide the blade with 
several separate means arranged end to end in the longitudinal direction of the blade 
so as to reduce any problems arising in connection with the temperature-dependent 
expansion/contraction of the means in the longitudinal direction. 

15 Finally, a rotor blade may be formed integrally with one or several means according 
to the invention. 

Brief Description of the Drawings 

The invention is explained in greater detail below by means of embodiments illustrated 
in the drawings, in which 

20 Fig. 1 is diagrammatic sectional view through a wind turbine rotor blade provided with 
a means according to the invention, 

Fig. 2 illustrates the produced power output of a known stall-controlled wind turbine 
versus the wind speed at two different air temperatures, 
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Fig. 3 illustrates the produced power output of a wind turbine with rotor blades 
according to the invention versus the wind speed at two different air temperatures, 

Fig. 4 is a diagrammatic view of six different positions of a flap according to the 
invention, the width of said flap being comparatively small, 

5 Fig. 5 is a diagrammatic view of six different positions of a flap according to the 
invention, the width of said flap being comparatively large, 

Fig. 6 illustrates two examples of the position and extension of a flap on a rotor blade, 
said blade being diagrammatically shown, and 

Fig. 7 illustrates an example of a particular embodiment of a rotor blade with a flap 
10 according to the invention at two different air temperatures. 

Best Mode for Carrying Out the Invention 

According to the invention the blade profile 10 shown in Fig. 1 is provided with a flap 
4 at its trailing edge. The aerodynamic pressure side of the blade profile is denoted by 
the reference numeral 2 and the suction side of the blade profile 10 feeing the wind 

15 turbine tower on upwind turbines is denoted by the reference numeral 1 . The width of 
the flap 4 shown in Fig. 1 is 10% of the chord 3 of the profile. The flap 4 is illustrated 
by means of a continuous line at a first temperature and by means of a dash line at a 
second higher temperature. The shown flap 4 may be made of a bimetal formed of two 
bonded and rolled metal layers with differing thermal expansion coefficients. A flap 

20 of bimetal may optionally be used as a conductor for conducting lightning down into 
the ground. The flap is, however, preferably made of a laminate of composite 
materials, eg a layer of fibreglass-reinforced epoxy, in which the fibres extend in the 
transverse direction of the flap and thus of the blade, and a layer of aramid 
fibre-reinforced epoxy (Kevlar™), in which the fibres extend in the longitudinal 
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direction of the fibres and thus of the blade. In such a laminate the aramid 
fibre-reinforced epoxy constitutes the "active" layer, aramid fibres having a larger 
thermal expansion coefficient than fibre glass. The aramid fibre/epoxy layer thus has 
to face the suction side 1 . 

5 Fig. 2 is a graph of two power curves, P w and P^ illustrating the power produced by the 
wind turbine versus the wind speed in ni/s. P w denotes a typical, produced mean power 
output in winter, where the air temperature is low and the air thus has a comparatively 
high density, while P s denotes the mean produced power output in summer, where the 
temperature is higher. It may be advantageous to compensate for this difference in 
10 produced power between the winter months and the summer months by adjusting the 
angle of the blades once in the spring and once in the autumn. It is, however, not 
possible to obtain full compensation, the temperature varying through-out the winter 
months and the summer months. The night-time and day-times temperatures may also 
vary greatly. 

15 Fig. 3 illustrates similar power curves, P w and P^ of a wind turbine with rotor blades 
having flaps according to the invention. The higher summer temperature relative to 
winter temperature and the higher day-time temperature relative to the night-time 
temperature causes the flap 4 to bend downwards towards the pressure side and 
increases the lift of the blade. The flap may be dimensioned by means of many 

20 parameters, such as materials, the thickness of the individual laminate layers, its length, 
its width and its position on the blade profile. The more the flap is dimensioned to 
compensate for the temperature variations, the closer the curve P s is to the curve P w . 
In Fig. 3 P s is just below P^ but may just as well be slightly above. The important 
factor is that P w and P s are as close to the rated power of the turbine as possible. 

25 Fig. 4 illustrates how a flap 4 according to the invention may be arranged in various 
positions on the blade profile 10, said flap having a width corresponding to about 10% 
of the chord 3 of the blade profile. In Fig. 4a the flap 4 is arranged on the pressure side 
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2 and interspaced from the trailing edge by a distance substantially corresponding to 
the width of the flap 4. In Fig. 4b the flap 4 is arranged on the pressure side 2, but so 
close to the trailing edge of the blade 10 that it extends beyond the trailing edge with 
about half its width. In Fig. 4c the flap 4 is mounted on the trailing edge and thus 
5 extends end to end with the blade profile. In Fig. 4d the flap 4 is arranged on the 
suction side 1 of the blade profile and interspaced from the trailing edge of the blade 
10 by a distance corresponding to the width of the flap. In Fig. 4e the flap 4 is 
arranged so close to the trailing edge that it extends therebeyond with about half its 
width. In Fig. 4f the flap 4 is secured to the trailing edge. In the embodiments shown 

10 in Figs. 4a, b and c the active laminate layer of the flap faces upwards such that the flap 
bends increasingly downwards towards the pressure side as the temperature rises. Also 
in the embodiments shown in Figs. 4d, e and f the active laminate layer of the flap 
faces upwards such that the flap bends increasingly downwards towards the pressure 
side as the temperature rises. In all of the embodiments shown in Figs. 4a-4f the lift 

15 increases with the rising temperature. 

In the embodiments shown in Figs. 5a-5f, the position of the flap 4 on the blade profile 
corresponds to that of the embodiments shown in Figs. 4a-4f, the width of the flap 4 
being about 70% of the chord of the blade profile in Figs. 5a-5f. The embodiments 
shown in Fig. 5 are particularly advantageous, when the thermal expansion coefficients 
20 of the materials used in the laminate are very similar. 



Fig. 6 is a diagrammatic view of how the flap 4 may extend in the longitudinal 
direction of the rotor blade. Fig. 6a illustrates a typical example of a rotor blade, where 
the flap 4 arranged adjacent the tip of the blade only extends about 5% of the total 
length of the wind turbine blade. The flap 4 shown in Fig. 6b extends about 70% of the 
25 total length of the rotor blade. 

Fig. 7 illustrates a particular embodiment, in which the flap is formed of several 
laminates facing opposite of each other and joined along the leading and trailing edges 
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of the flap. In Fig. 7a the flap 1 1 is shown at a first temperature, and in Fig. 7b the flap 
1 1 is shown at a second higher temperature. As most evident in Fig. 7b, the flap 
comprises a total of five laminates 12, 13, 14, 15, 16. All five laminates are secured to 
each other and to the rotor blade. The active side of the laminates 12,14 and 16, ie the 
5 side having the highest temperature coefficient, feces upwards and the active side of 
the laminates 13 and 15 feces downwards. The laminates 12 and 13 are joined at their 
free ends and so are the laminates 14 and 1 5. As a result a very high deflection versus 
the temperature is obtained. If required, lower or a higher number of laminates may be 
used. Beneficial results have been obtained at tests with a flap extending in the entire 
10 length of the blade and having a width of merely 0.7% of the chord of the blade. 

The invention is not restricted to the shown embodiments. The means for changing the 
profile of the rotor blade may for instance be a so-called slat arranged close to the 
leading edge of the blade. 

The means may be made of any laminate of suitable properties, ie two material layers 
15 with differing thermal expansion coefficients. When using a bimetal, an alloy 
containing nickel, iron, manganese or chrome is often chosen as the active layer, and 
invar, which is an iron-nickel alloy containing 36% nickel, is chosen as the passive 
layer. If the risk of strokes of lightning is to be reduced in the means, laminates of a 
non-electrically conducting material is preferred, preferably two composite materials 
20 having differing thermal expansion coefficients. As mentioned above aramid 
fibre-reinforced epoxy, in which the fibres extend in the longitudinal direction of the 
means, is preferred as the active component and fibreglass-reinforced epoxy, in which 
the fibres extend in the transverse direction of the means, is preferred as the passive 
component However, other materials, such as aramid fibre-reinforced polyester and 
25 fibreglass-reinforced polyester may be used. 

The means may be mounted on the rotor blade by means of gluing and/or fastening by 
screws. Optionally the means may be formed integrally with the blade during the 
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manufacture of the blade. 



Irrespective of the means is a slat for fastening thereof adjacent the leading edge of Hie 
blade or a flap for fastening thereof adjacent the trailing edge of the blade, several 
means may be provided on the blade. Any expansion/contraction problems occurring 
5 in the means in its longitudinal direction and thus in the longitudinal direction of the 
blade may thus be reduced. 
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Claims 

1 , A wind turbine rotor blade (1 0) comprising one or more means (4) secured to the 
blade (1 0) for changing the profile thereof depending on the atmospheric temperature 

5 characterised in that the means (4) comprises at least one laminate having at 
least two layers of materials with differing thermal expansion coefficients. 

2. A wind turbine rotor blade (10) according to claim 1, characterised in that 
the means (4) is formed of a laminate comprising a first and a second laminate layer 
of a composite material. 

10 3. A wind turbine rotor blade (10) according to claim 2,characterisedin that 
the first layer is made of fibreglass-reinforced epoxy, in which the fibres extend in the 
transverse direction of the means, and the second layer is made of aramid 
fibre-reinforced epoxy, in which the fibres extend in the longitudinal direction of the 
means. 

15 4. A wind turbine rotor blade (10) according to claim ^characterised in that 
the laminate is made of a bimetal. 

5. A wind turbine rotor blade (10) according to one of the claims 1-4, 
characterisedin that means is a flap (4) mounted adjacent the trailing edge of 
the rotor blade (10). 

20 6. A wind turbine rotor blade (10) according to claim 5, char acterised inthat 
the length of the flap (4) is between 5% and 70% of the length of the blade (10). 

7. A wind turbine rotor blade according to claim 5 or 6, characterisedin that 
the width of the flap (4) is between 1% and 70%, preferably 5% of the chord of the 
blade (10). 
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8. A wind turbine rotor blade (10) according to one of the claims 5-7, 
characterisedin that the flap (4) comprises several laminates feeing opposite 
each other and joined along the leading and trailing edges of the flap (4). 

9. A wind turbine rotor blade (10) according to one of the claims 5-8, 

5 characterised in that the flap (4) is mounted on the pressure side (2) of the blade 
(10). 

10. A wind turbine rotor blade (10) according to one of the preceding claims and 
provided with several separate means (4) arranged end to end in the longitudinal 
direction of the blade (1 0). 



10 



11. A wind turbine rotor blade (10) according to one of the preceding claims and 
which is formed integrally with the means (4). 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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05/07/96 
01/08/95 
02/01/97 
20/07/95 
18/04/95 


US 


3893639 


A 


08/07/75 


US 
US 


3885758 A 
3930626 A 


27/05/75 
06/01/76 


US 


6182929 


Bl 


06/02/01 


DE 
EP 


19742314 A,C 
0905019 A 


01/04/99 
31/03/99 
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